ABSTRACT Background: Animal studies have shown that protein intake in pregnancy may influence offspring fat metabolism and adiposity. The macronutrient ratio in human pregnancy appears to be important for offspring glucose tolerance; however, less is known about the influence on offspring adiposity. Objective: We examined the relation between maternal dietary protein intake during pregnancy and offspring anthropometric measures and biomarkers of adiposity and glucose metabolism. Design: We used a prospective cohort of 965 Danish pregnant women recruited in 1988-1989 with offspring follow-up at 19-21 y. Macronutrient intake was collected in gestational week 30, and we divided protein according to its source (animal and vegetable including cereals). Offspring body mass index (BMI; in kg/m 2 ) and waist circumference were recorded at follow-up (n = 695-697), and biomarkers were quantified in a subset (n = 443) of participants. We used multivariable linear and log-binomial regression to calculate effect estimates and 95% CIs for a 1:1-g substitution of carbohydrates for protein.
INTRODUCTION
Dietary intake during pregnancy may influence developmental pathways and pathologies in the fetus and have consequences for disease onset in the future child and adult. It has long been speculated that the maternal dietary macronutrient composition in pregnancy could alter risk of increased adiposity, hyperglycemia, and adverse blood lipid profiles (1) . Furthermore, since the Harlem trial in 1976, there have been concerns regarding possible deleterious effect of diets with high protein density in pregnancy (2) .
Results from animal studies that compared adipose tissue in offspring of animals fed high-compared with adequate-protein diets have been conflicting, with some studies that showed an increase in adipose tissue (3) , other studies that showed no difference in adipose tissue (4) , and still other studies that showed differences for different types of fatty tissue or sex differences (5, 6) . These studies were conducted in a variety of species (rats, cats, and pigs), across different dietary protein contents (30-50%), and time periods (gestation and lactation). A recent study of maternal dietary macronutrient intake and fetal adiposity showed that protein intake was inversely associated with fetal abdominal subcutaneous fat (7) . In contrast, a morecomprehensive prospective study (8) showed no association between maternal macronutrient intake during pregnancy and child adiposity at 9-11 y. These studies were limited by short follow-ups and potentially underdeveloped adiposity; therefore, a longer follow-up is needed. The mechanism that guides the increase in offspring adiposity when exposed to high protein in early life is thought to involve an increase in offspring insulinlike growth factor I (IGF-I) (9, 10) .
The evidence related to maternal protein intake during pregnancy is scarce and could benefit from longitudinal data on both anthropometric measures and biomarkers in offspring.
Furthermore, the relation between protein quality and offspring adiposity is largely unknown. The objective of this study was to examine the relation between maternal protein intake during pregnancy and offspring anthropometric measures and biomarkers of adiposity and glucose metabolism. Furthermore, we sought confirmation of findings from animal studies on maternal protein restriction and increased adiposity (11) (12) (13) by examining low protein intake in pregnancy and the previously mentioned outcomes.
SUBJECTS AND METHODS

Study population
The participant flow is shown in Figure 1 . Between April 1988 and January 1989, a total of 965 women with singleton pregnancies were recruited for a birth cohort study in Aarhus, Denmark (14) . This number was 80% of a consecutive sample of 1212 women who were attending prenatal care in the city.
Before a routine antenatal visit in gestational week 30, dietary and lifestyle questionnaires were mailed to the women. At the antenatal visit, questionnaires were returned, responses were corroborated by trained personnel, and a dietary interview was conducted by the trained personnel under instruction from a professor in human nutrition. Other information on the women's health, birth outcomes, and medical histories were extracted from hospital records and the Danish Medical Birth Registry.
In 2008-2009, a follow-up study on the offspring was conducted. Mothers were first contacted by mail, and then, the offspring were asked to fill out a web-based questionnaire and to attend a clinical examination. Close to 95% (n = 915) of motherchild pairs could be identified in the Central Person Registry. A total of 690 offspring filled out the questionnaire, and 443 offspring participated in the clinical examination. The web-based questionnaire included inquiries on lifestyle and health, including anthropometric measures. At the clinical examination, standardized anthropometric measures were performed, and a fasting blood sample was drawn. BMI (in kg/m 2 ) and waist-circumference measures from the clinical examination were used when available (n = 443). For remaining subjects, we used self-reported measures of BMI (n = 252) and waist circumference (n = 254) from the web-based questionnaire. Of 695 subjects, n = 10 were missing maternal dietary data, and one offspring was excluded because of an implausible BMI value (,10), which left a total of 684 (686 for waist circumference) mother-offspring pairs. The study was approved by the Danish Data Protection Agency and the Danish Council of Ethics (reference 20070157).
Exposure assessment
Diet was reported by using a self-administered food-frequency questionnaire (FFQ) and the face-to-face interview in week 30 of gestation that covered the previous 3 mo (14) . The FFQ has been well validated for marine foods but no other foods or nutrients (14) . The interview focused on quantifying main ingredients of cooked meals and completing information from the questionnaire to make a quantitative estimation on commonly consumed food items. The emphasis was on obtaining an accurate assessment on macronutrient intake, which was quantified by using the Danish Food-Composition Table (version 4) from 1996.
Total protein intake was broken down into animal protein (from dairy, eggs, meat, and fish products), vegetable protein (from cereal, vegetable, and fruit products, and vegetable oils), and other protein (from sugar and honey, beverages, spices, mixed foods, and other foods). All nutrients were energy adjusted by using the residual method (15) . We considered the exclusion of women with unrealistic energy intake estimates (arbitrarily set to ,2500 or .25,000 kJ/d), but none of the women reported intakes outside this range.
Outcome assessment
During the clinical visit, standardized anthropometric measures were used to quantify offspring BMI and waist circumference. For the self-reported waist circumference, all subjects received a tape measure by mail with instructions on how to conduct the measurement. Although subjects tended to underestimate their weights by self-report (on average, 0.5 kg/m 2 lower on the basis of n = 414 with both registrations), the relative rank of subjects was retained as the correlation (Spearman's r) between measured and self-reported BMI and waist circumference was 0.91 and 0.78, respectively. Overweight was defined as BMI $25, and high waist circumference was defined as .88 cm for women and .102 cm for men (16) . Because overweight may not distinguish well between fat and lean mass (17) , and given a low obesity prevalence (2.9%) in this population, we used a validated prediction formula developed by Deurenberg et al (18) and based on BMI, sex, and age to estimate and evaluate the relation with percentage body fat in a secondary analysis. Because sex-specific analyses of individuals of the same age reduced the above formula to essentially a function of BMI, we compared BMI and the percentage of body fat in the full population.
Offspring biomarkers
The quantification of amounts of biomarkers has been previously described (19) . Briefly, serum triglycerides and cholesterol were measured according to standard methods on a Modular P chemistry analyzer (Roche Diagnostics). We used a timeresolved immunofluorometric assay that was based on 2 antibodies and recombinant human adiponectin (R&D Systems) to quantify adiponectin concentrations; the analysis was similar for leptin (20) . Serum total IGF-I was measured by using radioimmunoassay, and plasma insulin was measured by using a commercial ELISA kit (DAKO). Blood glucose was measured by using bedside equipment (Accuchek; Roche Diagnostics) after blood sampling, and glycated hemoglobin concentrations were quantified by using an HPLC assay (Bio-Rad Laboratories) on a Variant II Turbo analyzer. All biomarkers were log transformed by using the ln to ensure normality.
Covariate assessment
We identified the following covariates: maternal age (continuous), maternal education (elementary schooling, high-school or technical schooling, university education, higher academic education, and other education), maternal smoking in pregnancy (never and ,10 and $10 cigarettes/d), prepregnancy BMI (continuous), parity (0, 1, and $2), and the offspring's report of his or her sibling being overweight (dichotomous). Missing values for individual covariates ranged from 0% to 5% for most covariates with #4% of missing data on 2 variables; sibling overweight had the largest proportion of missing data (35%), possibly because of the offspring being the only child. In an additional analysis, sibling overweight was not related to maternal protein intake in either male or female offspring (P = 0.16-0.33). Sibling overweight was significantly related to BMI in offspring (P = 0.001-0.03); however, sibling overweight did not substantially alter (if anything, it strengthened) effect estimates for protein when included in the same model. Because sibling overweight appeared to be a weak confounder, we used a missing indicator to account for missing data in our study sample. Maternal prepregnancy BMI and parity were included because they are known predictors of offspring anthropometric measures (21) . Maternal education and smoking and sibling overweight were included to account for confounding because of potential social, lifestyle, or genetic factors associated with offspring overweight. We also further adjusted for maternal perfluorooctanoate, which is a persistent compound used in industrial applications, concentrations because we have previously shown that this compound is associated associated with offspring anthropometric measures (22) .
Statistical analysis
We evaluated the distributions of maternal characteristics and intakes of macronutrients across categories of total protein intake in pregnancy. Significance was determined by using the chi-square test for categorical covariates and partial F test for continuous covariates.
We evaluated the maternal substitution of carbohydrates for total, animal, and vegetable proteins during pregnancy in relation to offspring BMI, waist circumference, and biomarkers. For each protein type, we examined a 1:1-g substitution for carbohydrates by including all energy-contributing nutrients, apart for carbohydrates, in an isocaloric model (23) . The effect estimate from this model can be interpreted as the effect of increasing intake of MATERNAL PROTEIN AND OFFSPRING OVERWEIGHT protein at the expense of carbohydrates while keeping calories constant. The exposure was assessed in quartiles to account for potential nonlinear associations, and we evaluated risk in each quartile against the lowest quartile. Median values for exposure categories were entered separately into models as continuous variables to evaluate P-trend values. Low-protein analyses were conducted by using a recommended cutoff of 0.8 g protein/kg prepregnancy body weight in relation to the previously mentioned outcomes (24) .
In multivariable models, we introduced covariates identified a priori as potential confounders. Covariates suspected to be intermediates on causal pathways, such as gestational weight gain, pregnancy complications (including gestational diabetes and preeclampsia), birth weight, and gestational age, were initially excluded from the model to avoid overadjustment. Adjustment for these variables did not substantially alter study results. We used linear regression to evaluate mean changes (95% CIs) in offspring BMI, waist circumference, and biomarkers. We examined model residuals for linear regressions involving biomarkers and showed them to be normally distributed. Logbinomial models were used to estimate RRs and 95% CIs (25, 26) . In a few instances, models did not converge, and log-Poisson models, which provide consistent but not fully efficient estimates of the RR and its CIs were used (27) . All analyses were conducted separately for men and women to account for potential sexspecific associations.
All tests were 2-sided, and we used a threshold of P , 0.05 to denote statistical significance. Analyses were performed with Statistical Analyses System software (release 9.3; SAS Institute).
RESULTS
Study population
A total of 684 mother-child pairs were eligible for this analysis. The mean (6SD) maternal age was 29.1 6 4.1 y with a majority of women reporting a higher academic or university education (53%) and nulliparity (59%) ( Table 1) . Mean prepregnancy BMI was within the normal range at 21.4 6 2.9, and 35% of women reported smoking during pregnancy.
Mean (6SD) protein intake was 79 6 19 g (or 16 6 3% of energy). From this intake, 53 6 17 g (11 6 3% of energy) was animal protein and 23 6 8 g (5 6 1% of energy) vegetable and cereal protein. When maternal and child characteristics were compared across quartiles of total protein intake, we showed that maternal height increased with increasing protein intake, whereas no specific pattern was shown for other covariates. All dietary macronutrients increased across intake of total protein.
We examined characteristics of mother-offspring pairs with maternal nutrient data and with (n = 684) and without (n = 280) offspring BMI data and showed greatest differences for maternal education (university education: 39% with compared with 29% without BMI data; P , 0.0001) and smoking (nonsmokers: 63% compared with 52%, respectively; P = 0.01). There were no significant differences for maternal protein intake during pregnancy, maternal age and BMI, parity, birth weight, gestational age, and pregnancy complications in mothers whose offspring later did or did not participate in the follow-up study (data not shown).
Offspring BMI at 19-21 y of age
The mean (6SD) BMI for female and male offspring at ages 19-21 y were 22.1 6 3.3 and 22.8 6 2.9, respectively. A total of 16.9% of women (n = 61 of 360) and 19.1% of men (n = 62 of 324) were classified as overweight. The estimated body fat percentage mean (6SD) was 25.6 6 3.9% in women and 15.6 6 3.5% in men, respectively; the correlation between the percentage of body fat and BMI was 0.41. Associations for total protein could largely be accounted for by animal protein (Tables  2 and 3) , and therefore, we will focus on the results for the latter exposure. We showed that, in female offspring, mean BMI increased with the maternal substitution of carbohydrates with animal protein (quartile 4 compared with quartile 1: 1.57; 95% CI: 0.37, 2.77; P-trend 0.01) ( Table 2) . Similarly, for female offspring only, the risk ratio of overweight (BMI $25) increased with maternal intake of animal protein (quartile 4 compared with quartile 1: 3.36; 95% CI: 1.52, 7.42; P-trend = 0.003) ( Table 3) . For male offspring, we saw a tendency for increased risk of overweight for animal (quartile 4 compared with quartile 1: 2.22; 95% CI: 0.92, 5.35; P-trend = 0.05) and vegetable (quartile 4 compared with quartile 1: 2.51; 95% CI: 0.91, 6.98; P-trend = 0.14) protein intakes, although these associations were not statistically significant (Table 3 ). We found similar results when only clinically measured BMI was used; quartile 2 compared with quartile 1 was strengthened for vegetable protein in men (1.88; 95% CI: 0.46, 3.30) (data not shown).
The relevance of relatively low protein intake during pregnancy (,0.8 compared with $0.8 g/kg prepregnancy body weight) was also examined in relation to offspring anthropometric measures. Only 5% of women had intake ,0.8 g/kg, and no association was observed with offspring BMI, although estimates were in the direction of increased BMI in male offspring (see Supplementary Table 1 under "Supplemental data" in the online issue). When the percentage of body fat was estimated by using a prediction formula on the basis of offspring BMI, sex, and age (18), we showed similar associations compared with those when offspring BMI was used (see Supplementary Table 2 under "Supplemental data" in the online issue).
Offspring waist circumference at 19-21 y of age
The mean waist circumferences for female and male offspring at ages 19-21 y were 79.8 6 9.3 and 84.4 6 9.3 cm, respectively. We showed no associations for animal and vegetable proteins with the mean change in waist circumference or risk of high waist circumference in either male or female offspring (Tables 2 and 3 ). Again, we found similar results when only clinically measured waist circumference was used; quartile 2 compared with quartile 1 was strengthened for vegetable protein in men (4.01 cm; 95% CI: 0.10, 7.94 cm) (data not shown). There was no association between maternal low protein intake and offspring waist circumference.
Offspring biomarkers at 19-21 y of age
No associations were shown for total protein intake and offspring concentrations of adiponectin, leptin, IGF-I, insulin, glucose, glycated hemoglobin, cholesterol, and triglycerides (see Supplementary Table 3 under "Supplemental data" in the online issue). Total cholesterol in male offspring appeared to decrease with higher maternal intake of vegetable protein in replacement of carbohydrates, although neither the associations nor the trend was statistically significant ( Figure 2A) ; this association was significant for LDL cholesterol (quartile 4 compared with quartile 1: 216.5%; 95% CI: 228.2%, 22.9%) ( Figure 2B ). In male offspring, we showed an increase in adiponectin with a higher consumption of animal protein in pregnancy (quartile 4 compared with quartile 1: 28.3%; 95% CI: 0.8, 63.4%); a similar, although a nonsignificant association, was present for vegetable protein (data not shown). Adjustment for offspring BMI did not change effect estimates.
Secondary analyses
When we further adjusted anthropometric analyses for perfluorooctanoate (22), we showed that the adjustment modestly shifted effect estimates but did not substantially alter CIs for BMI $25 for either female (animal-protein quartile 4 compared with quartile 1 OR; 2.83; 95% CI: 1.25, 6.43) or male (animal protein quartile 4 compared with quartile 1 OR: 2.01; 95% CI: 0.81, 5.00) offspring.
To ensure that postnatal offspring covariates did not confound the observed association, we examined in detail the distribution of offspring dietary, social, and lifestyle covariates at ages 19-21 y across maternal protein intake in pregnancy (see Supplementary Table 4 under "Supplemental data" in the online issue). We showed a significant relation between maternal protein intake and paternal overweight as reported by male offspring and fish intake in female offspring. However, paternal overweight and fish intake were not related to offspring BMI, and they did not change multivariable effect estimates for maternal animal and vegetable intakes in relation to offspring overweight (data not shown).
To better understand which food groups may have been driving the observed associations, we examined the relation between specific food groups from which protein were derived and offspring BMI. We showed that a higher consumption of meat and 2 P values were evaluated by using the chi-square test for categorical covariates and partial F test for continuous covariates. 3 Crude intake reflects intake unadjusted for energy. 4 Animal protein included protein from milk and milk products, cheese and cheese products, ice cream, meat and meat products, fish and fish products, poultry and poultry products, and egg and egg products.
5 Vegetable protein included protein from cereal and cereal products, vegetable and vegetable products, fruit and fruit products, and vegetable oils. 6 Other protein included protein from sugar and honey products, beverages, spices and other ingredients, mixed foods, foods for special nutritional use, and other foods.
meat products (mean 6 SD: 125 6 25 g/d) in pregnancy increased risk of overweight in female offspring (quartile 4 compared with quartile 1: 2.47; 95% CI: 1.09, 5.60; P = 0.03), whereas a high consumption of cereals and cereal products (346 6 82 g/d) decreased risk of BMI $25 (quartile 4 compared with quartile 1: 0.27; 95% CI: 0.12, 0.62; P = 0.002) (see Supplementary Table 5 under "Supplemental data" in the online issue). No significant associations were present for men (see Supplementary Table 6 under "Supplemental data" in the online issue) or any of the other examined food groups (see Supplementary  Tables 5 and 6 under "Supplemental data" in the online issue).
DISCUSSION
In this prospective birth cohort with 20 y of follow-up, we showed that intake of animal protein during pregnancy was associated with increased risk of overweight for both male and female offspring with stronger results for women. This 2 Linear regression models were adjusted for maternal age, maternal education, parity, maternal prepregnancy BMI, maternal smoking during pregnancy, and sibling overweight.
3 Total protein included animal, vegetable, and other proteins. 4 Number of offspring for each quartile of maternal protein intake given for the BMI outcome; similar numbers were found for the waist circumference outcome.
5 Median values for each quintile entered as a continuous variable into the model. 6 Animal protein included protein from milk and milk products, cheese and cheese products, ice cream, meat and meat products, fish and fish products, poultry and poultry products, and egg and egg products.
7 Vegetable protein included protein from cereal and cereal products, vegetable and vegetable products, fruit and fruit products, and vegetable oils.
association appeared to be driven by maternal consumption of protein from meat and meat products. We showed no indication that protein intake was associated with adverse cardiometabolic risk factors in a reduced set of study participants. To our knowledge, this is the first study to examine different sources of protein intake during pregnancy in relation to offspring adiposity. A study that used data from 156 mother-child dyads in Australia showed that protein intake ,16% (compared with $16%) of energy in pregnancy increased the fetal abdominal fat area (7) . In contrast, a higher protein intake of 18-21% of energy increased the midthigh fat area. Protein intake was lower in our cohort with a mean (6SD) of 13 6 2% and 19 6 2% of energy in lowest and highest quartiles of protein intake, respectively. The biological relevance of these increases for a later development of adiposity is unclear. Conversely, a larger prospective study in the United Kingdom of 5725 women and their children showed no association with child adiposity as measured by using dual-energy X-ray absorptiometry at ages 9 and 11 y (8). This result may have been due to limited adipose tissue development at this early age compared with in older offspring in our study.
Results from animal experiments have been conflicting. Offspring exposed to high protein during gestation and lactation showed increases in overall adiposity, epididymal fat, and lean mass (3, 4, 6) , whereas other studies have shown a decrease in subtypes of body fat (5). Few changes have been observed in glucose tolerance and lipid concentrations (4, 6) . Overall, these studies have suggested that high protein exposure in early life increases adiposity but has a limited effect on glucose and lipid metabolism, which is in line with our findings. However, the adipose depots affected differed across studies and may have depended on the timing of exposure and outcome measurement, protein intake, and species examined.
The increase in offspring BMI exposed to high protein prenatally could be explained by the association between protein intake and increased concentrations of IGF-I and reduced growth hormone, which are linked via a negative feedback loop (9, 10, 28) . High IGF-I has been shown to stimulate hyperplasia of adipose tissue, whereas low growth hormone decreases lipolysis (10, 29) ; together these processes promote the development and maintenance of adipose tissue. Both high IGF-I and low IGF binding protein 1 have been related to high birth weight (30, 31) and may mediate overgrowth in offspring of diabetic mothers (32) . Although still unclear, animal and vegetable proteins may act differently on IGF binding protein 1 (33) . In our study, we showed that maternal animal protein intake was related to higher BMI in offspring but not related to IGF-I. However, we did not have IGF-I measured in early life when these mechanisms may have been more relevant. An additional analysis of food sources seemed to suggest that this association was driven by protein from meat and meat products rather than fish or milk products. Early life adiposity may also track into adulthood (34) ; studies that examined maternal intake in relation to child growth and adiposity have shown that animal protein intake in pregnancy is directly related to birth weight and the child ponderal index (35) (36) (37) (38) (39) (40) .
Our results were limited to BMI, and we showed no associations with waist circumference or biomarkers of adiposity.
Because of a low prevalence of obesity (2.9%) in our study population, and that BMI from 25 to 29.9 may represent a combined measure of lean and fat mass (17) , our findings may have been driven more by lean than fat mass. However, the observed associations were stronger for women than men, in whom BMI has been more strongly correlated with body fat (17) ; in addition, we showed similar associations when we used the body fat percentage estimated by using a validated prediction equation (18) . Despite good measures of anthropometric measures and biomarkers, there was insufficient information in the current study to completely settle this issue. Instead, differences would have to be further clarified in dual-energy X-ray absorptiometry studies.
We showed few associations for offspring biomarkers. This result may be explained by the previously observed stronger association for biomarkers of inflammation, cholesterol, and glucose homeostasis with central rather than total adiposity (41, 42) . However, we also observed that LDL cholesterol decreased with high vegetable protein intake, which was consistent with previous observations (43) , although it is unclear why our results were limited to male offspring. There was also a direct relation between maternal intake of animal protein and adiponectin in men. Because adiponectin is inversely related to the degree of adiposity (44) , these results may have suggested an increased lean mass in the men. Additional adjustment for BMI at age 19-21 y did not change the results. With the many tests that were conducted to assess the relation with offspring biomarkers taken into consideration, we could not exclude the possibility of false significant findings as a result of multiple testing.
In this study, we also examined the relation between low protein consumption during pregnancy and offspring BMI and waist circumference. Although our estimates were in the direction of decreased birth weight and increased BMI at 19-21 y of age, which is in line with what has been reported under conditions of protein restriction that were much more severe (45) , the associations were all nonsignificant. The modest size of our cohort and consumption more tilted toward high protein intake were limiting factors for these analyses.
The main limitation of this study was the lack of information on offspring dietary and lifestyle factors from birth to 19-21 y of age, which could have confounded our results. However, we were FIGURE 2. Multivariable associations between maternal animal and vegetable protein (by carbohydrate substitution in grams) intakes in pregnancy and blood total cholesterol (A) and LDL cholesterol (B) at age 19-21 y in male offspring (n = 174). Linear regression models were adjusted for animal, vegetable protein, and other proteins (sugar and honey products, beverages, spices and other ingredients, mixed foods, foods for special nutritional use, and other foods), total fat, energy, maternal age, maternal education, parity, maternal prepregnancy BMI, maternal smoking during pregnancy, and sibling overweight. P-trend was evaluated by entering the median of each Q as a continuous variable. Q medians for animal protein were 37, 49, 57, and 69 g/d, respectively, and 17, 21, 24, and 28 g/d, respectively, for vegetable protein. Q, quartile.
able to examine numerous lifestyle characteristics at 19-21 y of age (see Supplementary Table 4 under "Supplemental data" in the online issue) whereby we showed few potential candidates, including paternal overweight and fish intake. Adjustment for these factors did not alter the conclusions of the study. With the acknowledgment of the limitation of not being able to account for offspring own protein intake in our analyses, we examined correlations between maternal and child dietary factors at age 14 y in a subset (n = 972) of the Danish National Birth Cohort (46) , which was conducted w12 y later (1996) (1997) (1998) (1999) (2000) (2001) (2002) . Cross-sectional Spearman's correlations between maternal and offspring diet 14 y after the index pregnancy ranged from 0.17 to 0.33 for food groups and 0.17 to 0.23 for macronutrients (unpublished data, 2013). More importantly, we showed that maternal protein intake in pregnancy and child protein intake 14 y later were essentially uncorrelated (r = 0.06). These results, from a different Danish pregnancy cohort, suggested that dietary habits of pregnant women do not predict offspring own dietary habits later in life. These observations were not unexpected because dietary habits and food choices are likely to be influenced by both practical (time) and economic reasons with an increased family size and changes over time. Pregnancy is also a time period during which women tend to changes their diets substantially (47) . However, we acknowledge that confounding by postnatal dietary factors may be important in other study populations (8) .
As concerning other limitations, we did not have data on body composition and, therefore, could not exclude that our results may have been due to increase in lean mass; these differences would have to be examined in future dual-energy X-ray absorptiometry studies. The dietary assessment tool used in this cohort was validated only for marine foods, and therefore, we were limited by the lack of validity for protein and other macronutrients. Because we followed the offspring up to 19-21 y after birth, some loss to follow-up was inevitable. However, when mother-offspring pairs with and without offspring outcome data were examined, we showed few substantial differences and none for the exposure. As in any observational study, we could not completely exclude residual confounding.
The main strength of our study was the long follow-up, which allowed us to examine potential long-term consequences of protein exposure in fetal life. Our outcome measures were also primarily based on clinical measures and biomarkers related to adiposity and glucose metabolism.
In conclusion, in this prospective cohort with .20 y of followup from conception to adulthood, we observed that intake of animal protein during pregnancy was directly associated with offspring overweight when substituted for carbohydrates, primarily in female offspring. These associations are hypothesis generating, and replication in other settings is needed before strong conclusions can be made. In that respect, controlled trials should clarify associations with lean compared with fat mass and explore potential mechanisms between protein sources in pregnancy and offspring metabolic health.
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